Nanocrystalline (CdZn)Se thin films have been successfully synthesized via a simple and cost effective arrested precipitation technique. The deposition and synthetic strategy of (CdZn)Se thin films exert appreciable influence on the photovoltaic properties of solar cells. In this paper, systematic characterizations of optostructural, morphological, compositional and electrochemical properties have been carried out. The optical band gap was evaluated from UV-Vis-NIR spectra at wavelengths ranging from 400 -1100 nm. X-ray diffraction (XRD) pattern reveals that the deposited film was nanocrystalline in nature and exhibited a cubic crystal structure. The dependency of microstructural parameters such as crystallite size has been studied. Scanning electron microscopy (SEM) images demonstrate that surface morphology was uniform, dense, smooth and well adhered to substrate surface. The as-deposited nanorystalline (CdZn)Se thin film exhibits 0.61 % conversion efficiency at room temperature.
Introduction
In recent years, the field of nanocrystalline semiconducting thin films is rapidly expanding. The increasing interest for these materials is due to the fact that these are characterized by properties which are substantially different from the corresponding ones for bulk semiconductors [1] . In this regard, group II-VI semiconductors are considered important technological materials due to their potential applications in optoelectronic devices [2] . Among these, cadmium zinc selenide (CdZn)Se is found to be an excellent material with a band gap value around 1.9 eV which makes it fairly interesting for the fabrication of solar cells through the photoelectrochemical route [3] . (CdZn)Se is a promising ternary material because of its tunable parameters, such as band gap and surface morphology. The most important applications of (CdZn)Se thin film is in solar cells, high efficiency thin film transistors, light emitting diodes, laser diodes and electroluminescent devices [4] [5] [6] [7] .Various techniques have been used for the synthesis of (CdZn)Se thin films such as electrodeposition, chemical bath deposition (CBD), screen printing followed by sintering and metal organic chemical vapor deposition (MOCVD) [8] [9] [10] . One of the disadvantages of this technique is that some of them need sophisticated instrumentation along with vacuum and high temperature which increases the production cost of the material. However, the solution based deposition method, i.e. arrested precipitation technique offers the possibility of depositing thin films at low temperature under atmospheric conditions and at low fabrication cost. As a one step, environment friendly and low energy consumption aqueous technique, APT is based on controlled release of metal ions from metal complexes and reaction with chalcogen ions accordingly Ostwald ripening law [11] .
Experimental

Deposition of thin film
We have developed a simple, rapid, low cost and environmentally friendly chemical method using nontoxic reagents for the deposition of proposed thin films because of its various advantages such as, large area deposition, relatively low temperature processes, no restriction on the use of substrate, reproducibility and most significantly no requirement of sophisticated equipment. A modified chemical deposition technique which is combination of CBD and controlled chemical growth process (CCGP) is employed. This modified technique is known as arrested precipitation technique (APT). It is based on the controlled release of metal and chalcogen ions and characterized by simple formulation, ease of set up and has the potential to replace expensive energy and equipment demanding techniques. Additionally, surface morphology can be tuned by adjusting the pH of the bath solution, deposition time, temperature and the reagent concentration.
In a typical synthesis, 8 ml of 0.05 M [Cd-EDTA] and 12 ml of 0.2 M [Zn-EDTA] solution was taken in reaction beaker. The pH of bath was adjusted to 10.4 by dropwise addition of ammonia. Next, 20 ml of 0.25 M Na 2 SeSO 3 solution was added to reaction bath with constant stirring. The total volume of reaction bath was adjusted to 50 ml by adding double distilled water then reaction mixture was stirred for 5 min to get homogeneous solution. Precleaned ITO glass substrates were immersed vertically close to the inner wall of reaction container and then kept at 50
• C temperature with constant substrate rotation 45 rpm and deposition time was kept 4 h. Various preparative parameters like pH, temperature, concentration and time were finalized at initial stage of deposition After deposition, substrates were withdrawn from bath, sufficiently rinsed with double distilled water and dried at room temperature. The deposited thin film was uniform, peach in color and well-adhered to the glass substrate. This deposited thin film was used for subsequent investigations.
Characterizations of thin film
The thickness of the deposited thin films was measured by surface profiler (AMBIOS XP-1). A UV-Vis Spectrophotometer (Model: Shimadzu UV-1800) was used to record absorption spectra of deposited thin films in from 400 -1100 nm. The structural properties of the thin films were studied using X-ray Diffractometer (Bruker AXS, D8 Model) using Cu Kα (λ = 1.5418Å) radiation for 2θ ranging from 10
• to 80
• . Surface morphology and elemental analysis were examined using Scanning Electron Microscope (SEM) equipped with Energy Dispersive Spectroscopic (EDS) analyzer (JEOL-JSM-6360A). Photoelectrochemical (PEC) measurement was carried out by using (CdZn)Se thin film as photoanode in dark and under illumination using a 500 W tungsten filament lamp (intensity 30 mWcm −2 ) at electrochemical workstation (AUTOLAB PGSTAT 100 potentiostat). The photoelectrochemical cell was a two electrode system: (CdZn)Se film deposited on ITO substrate is a working electrode with active surface area of 1 cm 2 and graphite as counter electrode in sulphide/polysulphide as redox electrolyte.
Results and discussion
Thickness measurement
The thickness of the deposited thin film was found to be 730 nm. Thickness of the deposited films is controlled by two independent variables such as uniform growth and surface morphology. The process of precipitation of a substance in the solution depends on degree of supersaturation and formation of nucleus and its growth onto the substrate's surface.
Optical and structural analysis
Optical band gap energy of (CdZn)Se thin film was calculated by using the optical absorption spectra. The optical absorption spectra of deposited (CdZn)Se thin film was recorded from 400-1100 nm, as shown in Fig. 1(a) . Electronic transition between valence and conduction bands starts at the absorption edge, corresponding to the minimum energy difference between the lowest energy of conduction band and the highest energy of valence band in material. Fig. 1(a) clearly shows that maximum optical absorption is observed at around 650-750 nm.
The band gap of (CdZn)Se thin film was determined by extrapolating straight line to the energy axis using equation (1) 
where 'α' is absorption coefficient, 'hν' is photon energy 'A' is a parameter that depends on the transition probability, 'h' is planck's constant, 'Eg' is optical band gap energy of the material and exponent 'n' depends on nature of transition during absorption process. The value of n is 1/2, 3/2, 2, 3 for direct allowed, direct forbidden, indirect allowed and indirect forbidden transitions, respectively. The nature of the plots suggest a direct and allowed type of transition, since linear dependence is obtained at n = 1/2. The optical band gap value of (CdZn)Se thin film 1.91 eV was observed as shown in inset Fig. 1(a) . XRD pattern of (CdZn)Se thin film was carried out at room temperature in the range of 10 -80
• and shown Fig. 1(b) . Broad and intense peaks in the XRD patterns confirm the nanocrystalline nature of thin film. XRD [12, 13] . The average crystallite size was calculated from XRD patterns using Debye Scherrer's eq. (2)
where 'λ' is used X-ray wavelength (1.5406Å), 'β' is full width of half-maximum (FWHM) in radians and 'θ' is Bragg's angle. The calculated crystallite size was 24 nm for the (CdZn)Se thin film.
Morphology and compositional analysis
In order to study the microstructures of (CdZn)Se thin films, scanning electron microscopy (SEM) was used. Fig. 2 shows high and low magnification SEM micro images of (CdZn)Se thin films. It shows formation of densely packed nanospheres like smooth homogenous surface morphology which was dispersed uniformly on the substrate surface. The presence of elements in deposited thin film was confirmed by EDS technique. Fig. 2(e) shows elemental distribution of the constituent elements for typical (CdZn)Se thin film. The elemental analysis was carried out only for Cd, Zn, and Se elements. The peaks at 3.55, 1.10 and 1.70 keV confirm the presence of Cd, Zn and Se in thin film, respectively [14] .
Photoelectrochemical performance
The PEC performance of (CdZn)Se thin film was verified using a standard two electrode configuration in the dark and under an illumination of 30 mW/cm 2 light intensity and in 0.5 M sulfide/polysulfide redox electrolyte. After illumination, shifting of J-V curve in the fourth quadrant suggests that electrons were generated due to illumination, the magnitude of open circuit voltage increases with negative polarity towards (CdZn)Se electrode, indicating cathodic behavior of the photovoltage, which confirms that (CdZn)Se thin films are n-type. The current voltage (J-V) characteristics of glass/ITO/ (CdZn)Se 0.5 M polysulfide/graphite were measured. From the J-V measurements, the obtained value of Jsc was 1.162 mA/cm 2 and corresponding values of Voc was 581 mV, respectively. Closely packed nanospheres improve the carrier transport mechanism and minimize the surface trap states. Such types of interconnected nanospheres provide higher effective surface area for light absorption. A conversion efficiency of 0.61% was achieved for (CdZn)Se thin film [15] .
Conclusion
In conclusion, we report a facile chemical route for the deposition of (CdZn)Se thin film by using a simple and cost effective APT. From optical measurements, we can conclude that optical band gap was the direct allowed type, having a band gap energy 1.91 eV. X-ray diffraction pattern illustrated cubic crystal structure 
